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Background:

A variety of micro/nano fabrication processes have been developed since the late 20th century. Products with dimensional sizes downscaled from meso- to micro- and even to nano-meter ranges have been widely used in microsystems, such as: sensors, actuators, grooves, gratings, functional components, etc. Traditional CMMs are no more applicable to cope with these fine structure measurements.  

According to K. Takamasu "Development of Nano-CMM and Parallel-CMM: CMM in the 21th Century", Proceedings of the International Dimensional Metrology Workshop, May 10 – 13, 1999, Tennessee, USA, specifications of traditional CMM and Nano-CMM are listed in the following table (just for reference).

	
	Traditional CMM
	Nano-CMM

	Size of machine
	(2000 mm)3
	(200mm)3

	Mass of machine
	1000kg
	10kg

	Measuring range
	1m3
	(10mm) 3

	Resolution
	1μm
	10nm

	Accuracy
	5μm
	50nm

	Diameter of probe
	5mm
	50μm

	Measuring force
	10-1 N
	10-3 N

	Accuracy of scale
	5μm
	50nm


Issues of discussion:

During a round table discussion, it was planned to discuss the problems related to various technologies for "micro/nano-CMM" development and related concepts taking into account spheres of measurement application in technical and humanitarian fields. Topics related to, but were not limited to, the following issues:

1. Reasonable term: micro-CMM, nano-CMM, or micro/nano-CMM, or open?

2. Reasonable specifications: updated from the above Table?

3. How to calibrate (axial and volumetric) this small measuring machine?

4. Definition of pre-travel distance? 

5. More requirements for the probe?

6. Others.

Conclusions:

     Due to the time limit this round table could not reach a unanimous agreement with respect to the proposed issues. Some good points of view were, however, agreed by the majority of participants as listed below.

1. What is the reasonable term?  

This is still controversial and open for further discussion. Some possible terms were raised but the criteria are ambiguous, such as “small CMM”, “micro CMM”, micro/nano CMM” or “nano CMM”.  Shall we define it based on the measuring accuracy/resolution, or object size, or equipped probe? The following table is for your selection.

Table for Selection

	Physical reference
	Terminology
	Supporters 

	Smallest object size
	Micro CMM
	Jusko, Fan, 

	Accuracy/resolution
	Nano CMM
	Jaeger, Takamasu, 

	Object size/resolution
	Micro/Nano CMM
	Fan, Leach

	Probe
	Micro/nano CMM – with optical probe or touch probe.

Nano CMM—by SPM
	Bosse,


2. Revised specifications to update Prof. Takamasu’s table

It is still controversial and open for further discussion. A new table is proposed by PTB as a template for revision. Any opinion is welcome to modify this table (at the end of this report).
It is my opinion that we should just stick to having a micro-CMM and not have multiple choices (by Prof. Leach). 
3. Calibration methods

Some comments on this issue:

 -Generally speaking, the micro/nano CMM should be calibrated using a method similar to the methods used for large CMMs (for instance, the ISO 10360). 
-However, some requirements cannot be scaled down 1:1 (e.g. shaft length). 
-In addition, the calibration of the probing force and the sphericity deviation of the micro/nano CMM probe should gain more importance than the large CMM, since these parts have clearly larger weights in the error budget.
-Use of appropriate calibration standards, adapted to the measurement range and to the required measurement uncertainties for the application. Examples for development of standards were shown.
-In Germany there is VDI WG 3.31 “for small CMM”, dealing with these issues

      Summary: Standard templates (1-D, 2-D, 3-D) are needed for calibration.

4. Pre-travel distance

Due to the inertia of the probe mechanism and the time interval of electric signal triggering, the actual triggered position of the sensing probe is deviated from (lagged) the actual contact position of the probe and the object. This distance gap could be in the amount of sub microns to tenths of nanometers depending on the sensitivity of the probe. Shall we define it as the pre-travel distance or any appropriate term? It needs to be further investigated.

5. More requirements for the probe

Yes, such as:

*Sensitivity
*Linearity
*Probing hysteresis
*Dynamic response
*Stiffness in 3D (should be isotropic)
*Sphericity deviation of the probing sphere
*Spatial resolution (i.e. the diameter of the probing sphere)
*Material properties of the probing sphere
*Properties of the shaft (length, structure, diameter …)
*Assembling (stability of the assembling)
*Detection principle and the possible influencing factors (ambient light, temperature, humidity, etc.)

*Contamination issue

* Plastic deformation due to the probing forces

* Auxiliary devices (e.g. vision system, standard sphere for probe ball calibration, etc.)

	
	Traditional CMM
	Micro
CMM


	Micro/Nano
CMM


	3D-AFM or 
CD-AFM or
Nano-CMM

	Size of machine
	(2000 mm)3
	(200mm)3
	
	

	Mass of machine
	1000kg
	Less than 40kg
	
	

	Sample size
	1m3
	(100mm) 3
	25 - 50 mm xy
5-10 mm in z
	300 x 300 mm
x 0,1 mm

	Measuring range
	1m3
	(100mm) 3
	25 - 50 mm xy
5-10 mm in z
	50 x 50 x 10 µm

	Probe sensitivity
	1μm
	5-10nm
	1 nm
	Sub-nm

	Diameter of probe
	5mm
	15 -300μm
	15 -300μm (ball probe)
50nm (AFM)
	50 nm

	Lateral probe resolution
	10 - 100 µm ?
	1 µm ?
	0,1 µm ? (ball)
1-10 nm (AFM)
	down to 1 nm 

	Measuring force
	10-1 N
	10-3 N
	10-6 N
	10-9 N

	Accuracy of scale
	5μm
	10-20nm
	1–5nm
	<1 nm

	Accuracy 
(3D uncertainty)
	5μm
	100-200nm
	10-30nm
	1-5 nm


                    Table for comments: Please feel free to correct data in red  
